From the SEM images of the Cu doped perovskite films, we could find all the surfaces are conformal on the substrate. This high quality of the films can reduce the short circuit of the device in nanoscale. Moreover, the performance variation under different Cu doping level was less likely due to the film quality. Based on the peak fitting as in Figure S4 and Cu2p in Figure 2f , the elements ratios were calculated according to the peak area and their sensitive factors. In Figure S5a , the N1s showed a shoulder peak close to 401 eV, which is attributed to the formation of CH 3 NH 2 from CH 3 NH 3 . 2, 3 The I/Pb =2.5 is due to the deficiency of I elements, which is coincided with the literature reports. [4] [5] [6] Figure S6. 
to the air sensitive surface, the value was taken from the starting point of potential scanning (<3 min out from glove box). We speculated that the first order kinetic processes in the TSPV curves. Firstly, the surface charges density Q is proportional to the transient surface potential (V) detected at the surface, obeying the parallel plate capacitor property ( , where C is the capacitance for the TSPV setup). 7 
Q C V  
Secondly, the charge separation is mainly due to the collection of photon-excited charges separated from the bulk of the perovskite film, where the separation rate is proportional to the excited charges in bulk ( ). Thirdly, after the TSPV reached to a minimum (negative peak), the charge sep exc k Q  separation rate is comparable and the charge recombination rate is proportional to the charge absorbed at the solid/air surface, where it is much slower than the other bulk recombination modes. According to this charge separation and recombination assumption, we can write a consecutive reaction (Eq. 1) for the charge evolution (or TSPV) in the semiconductor:
(1) and ITO/Cu20-perovskite (red circle), the emission measured at 775 nm. The simulation was based on double exponential components decay.
The PL intensity of the perovskite on ITO was much lower than that on glass due to the easier charge transferred to ITO. When Cu introduced into the perovskite films, the PL intensity was further suppressed due to the better charge separation and collection at the ITO electrode. Transient PL showed double exponential decay on the samples: for shorter lifetime ( 1 ) the ITO/Cu20-perovskite showed slight shorter than the ITO/perovskite sample due to the charge separation; while the longer lifetime ( 2 ) may ascribed to surface trap states. h) clean surface of metal on hotplate with an ITO glass; i) clean surface of metal on hotplate after the ITO glass was removed. The color of the metal plate is lower than the ceramic surface hotplate is due to the less IR emission difference on metal.
